Introduction
============

Fiberoptic tracheal intubation, particularly orotracheal, is difficult without effective suppression of gagging and coughing. Gagging accounts for much of the procedural discomfort \[[@B1]\] and can occur even during topical anesthesia to the airway to obtund gagging and coughing for the procedure \[[@B2]\]. Elimination of gagging is vital for successful fiberoptic intubation as well as relieving patient discomfort.

Remifentanil or propofol used for sedation during fiberoptic intubation can eliminate gagging; elimination of gagging can facilitate topical anesthesia to the airway. Both drugs have different mechanisms responsible for elimination of gagging. Remifentanil is a potent opioid with less sedation, whereas propofol produces potent sedation without opioid action. These pharmacologic differences may lead to different patterns of side effects (impaired cooperation and undesirable sedation levels achieved, and their related adverse events) when used for sedation for elimination of gagging. In this study, we compared the risk of these side effects of remifentanil with propofol during the incremental target-controlled infusion (TCI) of remifentanil or propofol until the elimination of gagging, before spray-as-you-go topical anesthesia \[[@B3]\] for awake fiberoptic orotracheal intubation under conscious sedation.

Materials and Methods
=====================

After Institutional Ethics Committee approval (IRB No. 10-36-15, approved at May 6th, 2010) and with written informed consent, 95 adult elective surgical patients (ASA physical status 1, 2) who required fiberoptic orotracheal intubation were considered for the study ([Fig. 1](#F1){ref-type="fig"}). Data were collected from May 2010 to May 2011 and patients with the following criteria were excluded: history of oropharyngeal surgery; use of drugs causing sedation or somnolence (hypnosis) or opioids; patients who cannot expose the posterior pharynx; a history of drug abuse and long-term use of benzodiazepines or tricyclic antidepressants.

Gag assessment, drug preparation, blinding, and randomization
-------------------------------------------------------------

Gagging was assessed using the gag trigger point index (GTPI) as modified from the original method \[[@B4]\]. The GTPI is an ordinal index in which the oropharyngeal regions are divided by anatomical landmarks and assigned a score (posterior pharynx with no motor response = 0, posterior pharynx with motor response = 1, between posterior faucial pillars and posterior pharyngeal wall = 2, posterior faucial pillars = 3, between anterior and posterior faucial pillars = 4, anterior faucial pillars = 5, between second molars and anterior faucial pillars = 6, second molars = 7, internal cheek = 8). We modified the severity rating scale system by removing the gag response sensor probe from the original method. Instead, patients were stimulated with cotton swabs and gagging was evaluated by observing contraction of uvula and soft palate, or the pharyngeal motor response, and inquiring whether the patient felt gagging or not. Stimulations to elicit gagging began from a high GTPI area (the internal cheek) to a low GTPI area (the pharyngeal wall): once a gag response was elicited, further posterior positions were not stimulated. Every patient was tested immediately before the study and the patient was excluded if he or she was free of gagging ([Fig. 1](#F1){ref-type="fig"}). The patients were then randomized by using Excel software (version 2007, Microsoft Corp., Redmond, WA, USA) to administer either remifentanil (Ultiva®, GlaxoSmithKline, Parma, Italy, diluted with saline and given as a solution of 50 µg/ml; remifentanil group) or propofol (Fresofol MCT 2% solution, Fresenius Kabi, Graz, Austria; propofol group) via TCI system (Orchestra Base Primea®, Fresenius-Vial, Brezins, France. Minto model for remifentanil and Marsh model for propofol). Two anesthesiologists carried out the study. One was responsible for performing elicitation and assessment of gagging, sedation scores, and patient\'s ability to cooperate, and the other for selecting the drug for TCI (infusion lines for both drugs were covered with linen to conceal which drug was infused), giving oxygen via a facemask and observing respiratory and circulatory parameters. The patient and the assessor were blinded to the selection of the drug and effect-site concentration (Ce) to be achieved.

Study protocols
---------------

On arrival in the operating theater, a 20 G intravenous (IV) cannula was placed in an appropriate forearm vein for remifentanil or propofol TCI. The patient breathed spontaneously while receiving oxygen and air (total 4 L/min, FiO~2~ 0.4) with face mask loosely applied throughout the study period. Standard monitor included three-lead electrocardiography (lead II), non-invasive arterial blood pressure, pulse oximetry (SpO~2~), end-tidal CO~2~ (ETCO~2~), respiratory rate (RR), and heart rate (HR). The level of consciousness using modification of the Ramsay sedation scale (RSS) \[[@B5]\] was assessed and classified as deep (RSS ≥ 5; unable to elicit and assess gagging), moderate (RSS 3-4; cooperation only with repeated command or sluggish obedience), minimal (RSS 2; calm but responsive to conversation) sedation, and alert (RSS 1). For convenience of assessment for rousability from sedation, consciousness (except for deep sedation) was further classified into spontaneously roused (RSS 1 and 2), in which the patient could understand and respond to health care providers\' conversation, and non-spontaneously roused sedation (RSS 3 and 4), in which the patient was roused from sedation only in response to a command or physical stimulation. BIS was monitored in both groups, but the BIS data were only used for the propofol group. Remifentanil or propofol infusion was commenced at a target Ce of 1 ng/ml or 1 µg/ml, respectively, and infusion rates were increased by 0.5 ng/ml or 0.5 µg/ml increment, respectively, until the GTPI score reached 0 (disappearance of gagging) or the patient could not respond to the physician\'s command because of deep sedation or behavioral change. The changes of BP, SpO~2~, RR, HR, RSS, BIS, and GTPI over the change of Ce were recorded before infusion (baseline) and then repeatedly 3 min (i.e., immediately before next elicitation of gagging) after each increment of Ce equilibrated with the plasma concentration. After completion of the study, topical anesthesia and awake fiberoptic intubation were performed, and total intravenous anesthesia using remifentanil and propofol was given for elective surgery.

The incidents of drug side effects were recorded. Impaired cooperation was defined as a state in which the patient opened his or her mouth only upon repeated orders (more than twice) for gagging assessment and finally could complete the course of elimination of gagging without drop-out (drop-out was defined as inability to maintain \'awake\' state due to deep sedation or disobedient behavior). Adverse events were apnea, bradypnea, hypoxemia, hypotension, and bradycardia. Respiratory depression was defined as presence of apnea or bradypnea (RR \< 9 breaths/min). Apnea was defined as an absence of ETCO~2~ curve for more than 20 seconds on the monitoring display with no chest wall movement, but ETCO~2~ concentrations were not monitored because of loose mask fitting. Hypotension and bradycardia was defined as systolic blood pressure \< 90 mmHg or HR \< 50 beats/min, respectively.

Incidence of drop-out and impaired cooperation were considered primary outcomes. Interim analysis showed that the sample size needed was 25 patients for each group to detect the difference between groups with a power of 80% and a type 1 error rate of 0.05 (rate of impaired cooperation was 0 in remifentanil group and 0.24 in propofol group). To compensate for the drop-out in propofol group (ratio of sample size of propofol group to remifentanil group = 1.25), the sample size was estimated at 31 in propofol group.

Statistics
----------

Results are presented as mean (standard deviation, SD), median (range), or number. Student\'s *t* test was used to compare continuous variables between groups. Chi-square analysis, Fisher\'s exact test, Wilcoxon signed rank test, and Mann-Whitney *U*-test were used for non-continuous variables and continuous variables with non-normal distribution. The chi-square goodness-of-fit test was used to determine whether the frequency distribution according to sedation level were similar in each group. Generalized estimating equation (GEE) analysis was performed to assess the relationship between the change in Ce and the change in GTPI or RSS (and BIS in case of propofol group). P \< 0.05 was considered significant. All statistical analyses were conducted using SPSS™ statistical package 18 (SPSS Inc, an IBM Company, Chicago, IL, USA) and STATA ver. 6.0 (Stata Corp LP, College Station, TX, USA).

Results
=======

Characteristics of patients who completed the study were shown in [Table 1](#T1){ref-type="table"}. Among the 95 patients who enrolled in this study, thirty eight patients (40.0%) were free of gagging. Of the 57 patients who presented gagging, 50 completed the study: elimination of gagging was effective in both groups. The drop-out rate was 21.9% (7/32) in patients using propofol (one dropped out because of disobedient behavior and six because of deep sedation), whereas none of the patients using remifentanil dropped out (P = 0.015). The incidence of deep sedation as a main cause of drop-out was 18.8% (6/32) in patients using propofol, compared with those using remifentanil (0%) (P = 0.03).

For the assessment of gag reflex, 7 patients who manifested deep sedation or disobedient behavior were excluded, because the final GTPI scores could not obtained from them. In both groups, baseline GTPI was lower in patients whose gagging was eliminated while alert (i.e., RSS 1, n = 7) than while sedate (i.e., RSS ≥ 2, n = 43) {1(1-3) while alert vs. 3 (1-6) while sedate, P = 0.009}.

The incidence of elimination of gagging clustered at the sedation level RSS 2 (23 out of 25 patients, 92%) in remifentanil group (P \< 0.001), whereas it was distributed evenly irrespective of the levels of sedation (P = 0.20) ([Table 2](#T2){ref-type="table"}). The incidence of elimination of gagging at RSS 1 was not different between groups (4.0% in remifentanil group vs. 24.0% in propofol group, P = 0.098). The prevalence of patients who were spontaneously roused (i.e., RSS 1 and 2) from sedation was higher in remifentanil group than in propofol group at the time of elimination of gagging (96.0% in remifentanil group vs. 60.0% in propofol group, P = 0.002).

In propofol group, BIS decreased at the time of elimination of gagging from the baseline during TCI in all patients \[79 (68-98) at the time of elimination of gagging vs. baseline 96 (83-98), P \< 0.001\]. BIS at the time of elimination of gagging in the patients whose gagging was eliminated while alert (i.e., RSS 1, n = 6) did not decrease significantly compared with their baseline BIS \[92 (81-98) vs. baseline BIS 97 (96-98), P = 0.07\].

A GEE analysis revealed that the change in GTPI and RSS (and BIS, in the case of propofol group) were associated with the change in Ce in both groups. GTPI decreased at an average rate of 0.43 for every increase of 0.5 ng/ml of Ce of remifentanil or 0.64 for 0.5 µg/ml of Ce of propofol (P \< 0.001). RSS increased at an average rate of 0.16 for every increase of 0.5 ng/ml of Ce of remifentanil or 0.56 for 0.5 µg/ml of Ce of propofol (P \< 0.001). BIS decreased at an average rate of 4.30 for every increase of 0.5 µg/ml of Ce of propofol (P \< 0.001, [Table 3](#T3){ref-type="table"}).

Six patients in the propofol group showed impaired cooperation compared with none in remifentanil group (P = 0.02). The incidence of adverse events was not statistically different between groups ([Table 4](#T4){ref-type="table"}). Bradypnea (the lowest RR was 6 breaths/min) and apnea did not require treatment. The patients recovered ventilation spontaneously after a bout of bradypnea or apnea, or by verbal commands for deep breaths. Bradycardia was closely monitored (the slowest HR is approximately 47-49).

Discussion
==========

In this study, patients using propofol TCI displayed a high incidence of drop-out, which was not observed in patients using remifentanil TCI. The incidence of patients who were spontaneously roused from sedation was lower in propofol group and impaired cooperation was also observed only in patients using propofol. Gagging was suppressed dose-dependently (precisely, Ce-dependently) in both groups, although the differences were not significant in the risk of adverse events at the time of elimination of gagging between two groups. These findings suggest that propofol may present the potential for deep sedation compared with the use of remifentanil in our setting.

Deep sedation, disobedient behaviors, and/or impaired cooperation may be undesirable for patients with whom spray-as-you-go technique should be performed, or whose airway should not be compromised. Gagging was eliminated by sacrificing cooperation in some patients using propofol, which could disturb the patient and the clinician. It was interesting to note that deep sedation with consequent failure to complete the study was found only in patients using propofol. We expected that propofol TCI could help prevent deep sedation, however, patients using propofol showed a high rate of deep sedation. We speculate that the potent sedative property of propofol predominates before elimination of gagging. Thus, remifentanil may be more suitable for elimination of gagging in patients who require awake fiberoptic intubation.

Sedation with propofol has been thought to suppress gagging, although the effect of sedation on elimination of gagging has not been elucidated. Deep sedation and general anesthesia can eliminate gagging completely without cooperation, whereas minimal to moderate sedation may cause discomfort in awake patients, but with cooperation. Surprisingly, propofol eliminated gagging without causing sedation in 24% of the patients in the present study. Sedation scales (RSS and BIS) confirmed that their consciousness was not depressed. Moreover, patients had the diverse levels of sedation at the time of elimination of gagging and GEE analysis identified that GTPI decreased Ce-dependently. These results imply that elimination of gagging may not be related to sedation. However, it was difficult to separate the dose effect from the sedation effect on elimination of gagging, because increasing Ce produced increasing sedation.

Propofol given at subhypnotic dose is involved in elimination of postoperative nausea and vomiting (PONV) \[[@B6]\] and it is unknown whether these doses of propofol can also eliminate gagging. Interestingly, our results found lower GTPI in patients whose gagging was eliminated at RSS 1(i.e., without sedation) than in patients at RSS ≥ 2 (i.e., with sedation). This finding suggests that patients with lower GTPI require lower Ce. On the other hand, elimination of gagging at a subhypnotic dose seemed to be very low in the dental literature, and we found only one case reported in which gagging in response to posterior oral stimulation, such as insertion of a dental mirror, was eliminated by propofol at a subhypnotic dose (a bolus injection of 0.2 mg/kg followed by the continuous infusion of 4 mg/kg/h) \[[@B7]\]. One probable explanation why elimination of gagging at a subhypnotic dose was unexpectedly high in our study might be that the patients were continuously exposed to various stimuli, such as regular BP measurements, stimulation to oral cavity and pharynx, and verbal communications, perhaps keeping the patients alert and agitated even during drug infusion, thus masking the sedating effect of the drugs despite increased Ce.

Gagging was previously reported to be absent in 43% of the elderly subjects and 26% of the young subjects, averaging 37% \[[@B8]\], not much different from our result. We do not know the clinical significance of this absence of gagging during the airway endoscopy. Our personal experience is that gagging seemed to be elicited when the fiberoptic bronchoscope was advanced deeply down to the hypopharynx in patients whose gagging was absent on the stimulation to the pharynx.

Some researchers proposed that gagging and nausea represent different stages of a process that might culminate in full blown vomiting \[[@B9]\]. Gagging is assumed to be controlled from the vomiting center \[[@B10]\]. Acupuncture, which covers the spectrum of gagging from the mild end of nausea to the severe end that culminates in vomiting \[[@B10]\], is reported to reduce gagging, nausea and/or emesis without sedation, probably by both a peripheral and central effect involving neurochemical substances such as serotonin and β-endorphin \[[@B10]\]. These neurochemical substances might partly explain the role of propofol (serotonin) and remifentanil (β-endorphin) in eliminating gagging \[[@B10]\]. Furthermore, the antiemetic action of propofol can be attributed to interaction of propofol with dopaminergic, limbic and serotonergic system \[[@B11]-[@B13]\], suggesting that the antiemetic action of propofol might be related to elimination of gagging. Moreover, opioid receptors within the blood-brain barrier may mediate an endogenous system of anti-emesis with high lipid solubility opioids \[[@B14]\]. These reports imply that remifentanil eliminates gagging partly in this way. However, it is interesting that remifentanil is not effective for PONV and sedation is purported to be effective for gagging, but not for PONV. The reason remifentanil and sedation are not effective for PONV should be explainable if we accept that gagging and nausea represent different stages of a process \[[@B9]\]. Obviously, remifentanil may blunt noxious stimulation (such as gag stimulation) via activation of µ-opioid receptors \[[@B14]\].

There were certain limitations in this study. One of the methodological considerations was the exclusion of 7 patients who showed deep sedation or disobedient behavior for the analysis of gag reflex. It was inevitable because Ce and RSS score of GTPI 0 was mandatory to assessment of gag reflex. However, we could not get those data from these patients, because they were not allowed to open their mouths. Therefore, gag reflex was analyzed in compensated 50 patients whose final GTPI reached to 0. However, the results may not differ from those of data including 7 dropped-out cases; rather, it may be more significant.

One of our concerns in this study was to identify the difference of impaired cooperation between the two drugs in the course of elimination of gagging. The sample size was not small for that purpose. However, the sample size was not large enough to estimate the incidence of adverse events between groups. Thus, we could not determine which drug is safer, although we speculate that propofol has a propensity for pharmacologic property-related problems, such as deep sedation and impaired cooperation.

In summary, impaired cooperation and deep sedation with consequent drop-out were observed only in patients using propofol. The incidence of patients who were spontaneously roused from sedation was lower in patients using propofol, with no difference in adverse events between patients using remifentanil and propofol, suggesting that remifentanil may be more suitable for elimination of gagging in patients for awake fiberoptic intubation. Because gagging was eliminated in the diverse levels of sedation, we postulate that sedation might not be a unique mechanism responsible for elimination of gagging. Remifentanil and propofol may eliminate gagging in a dose-dependent rather than sedation-dependent manner.
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Patient Characteristics Receiving Target-controlled Infusion for Elimination of Gagging
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Data are expressed as mean (SD), median (range), or numbers. BMI: body mass index, HR: heart rate, SAP: systolic arterial pressure, RR: respiratory rate, GTPI: gag trigger point index, RSS: Ramsay sedation scale, Ce: effect-site concentration.
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Frequency of Elimination of Gagging According to the Level of Sedation
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Data are expressed as numbers. The patients were distributed evenly according to RSS in propofol group (P = 0.20) whereas it was not in remifentanil group (P \< 0.001). RSS: Ramsay sedation scale.
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Average Changes in GTPI, RSS, and BIS Associated with Increase of Effect-site Concentration of Remifentanil and Propofol
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GTPI: gag trigger point index, RSS: Ramsay sedation scale, BIS: bispectral index.

###### 

Frequency of Adverse Events during Elimination of Gagging
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Data are expressed as numbers. There are no significant differences between groups.
